INTRODUCTION
Variation in behavior of individuals within an aggregation may result in a nominal division of labor or roles (Wilson, 1971) . Individuals may play a particular role throughout the course of development or change roles often. Such variation seems to occur in tent caterpillars of the genus Malacosoma (Lasiocampidae) (M. californicum pluviale, Wellington, 1957 ; M. disstria, Laux, 1962 (as M. neustria), Greenblatt and Witter, 1976; M. americanum, Edgerly and Fitzgerald, 1982) . Evidence for permanent polyethism (in terms of active or inactive individuals) was reported for M. c. pluviale by Wellington (1957) but was not found by Myers (1978) , and Wellington's statistical analysis has been criticized (Papaj and Rausher, 1983) . In other tent caterpillar species, individuals were not consistently active or inactive but shifted from one to the other state over a few days (Laux 1962; Greenblatt and Witter, 1976; Edgerly and Fitzgerald, 1982) . Nonetheless, those larvae that were currently active played a critical role in determining the foraging pattern of the aggregation. For instance, small subgroups of M. americanum larvae left the tent before the main body of caterpillars, fed, and returned, depositing a fresh recruitment trail that the other larvae then followed to the feeding site (Fitzgerald, 1980) . To (Capinera, 1980) and move with tandem trail-following. H. lucina larvae often defoliate portions of the hostplant, Spiraea latifolia (Ait.) Borkh.
(Rosaceae) and the aggregations are then forced to move to new feeding sites. Even newly-hatched larvae move substantial distances relative to their size to find food (Bowers and Stamp, unpubl, data) . Larvae also may move distances of 3 m or more for thermoregulation, when they are attacked by predators and parasitoids, and when they molt (Bowers and Stamp, unpubl, data) .
Transient polyethism in some tent caterpillars (e.g.M. americanum) may be associated with central-place foraging, web maintenance and group cohesion (Greenblatt and Witter, 1976; Edgerly and Fitzgerald, 1982) . In contrast, H. lucina larvae would be predicted to exhibit patterns of individual behavior different from Malacosoma species because H. lucina larvae are nomadic foragers, do not construct webs and exhibit a declining tendency to aggregate over development that occurs sooner than in Malacosoma species.
Our objective was to examine individual variation in activity, using distance traveled as an index, in larvae of H. lucina. Specifically, we determined: l) whether larvae were consistently slow, fast or intermediate travelers relative to the group when tested several times within an instar, 2) whether patterns of larval activity (as measured by relative distance traveled) were consistent across instars, and 3) whether larval activity was correlated with larval weight. At the beginning of the test, the larvae were arranged on the paper sheet in a ring around the base of the rope. Larvae faced towards the rope and were 5 cm from it. They then were allowed to move around the dish or up the rope for 8 min for the first through third instars and for 4 min for the fourth and fifth instars. The reduction in test time was necessary due to an increase in overall larval activity in the later instars. The rank order of all larvae on the rope and the distance each had traveled from the starting point were recorded at the midpoint and end of each trial.
METHODS
Each group of larvae was tested in 5 trials during each instar. Because individual larvae could be identified throughout the tests, we were able to obtain data on behavior of individuals at several levels: 1) variation within a trial (i.e. did larvae change ranks during Psyche [Vol. 95 the course of a trial?); 2) variation from one trial to another within an instar (i.e. were larval ranks consistent from one trial to another?); and 3) variation from one instar to the next.
One-tailed Spearman rank correlation was used to assess the degree of changing ranks within trials by larvae (i.e. due to turning around or possibly passing one another) with indicating perfect agreement between ranks (i.e. no change) and 0 indicating no agreement.
To examine whether individual larvae were consistently ranked the same with regard to distance traveled, over the five trials within an instar, we used Kendall's coefficient of concordance (W) (Conover, 1080; Edgerly and Fitzgerald, 1982) . If individuals were consistently ranked the same among trials, W 1.0, whereas if rank varied randomly from trial to trial, W 0.
To determine whether distance traveled by individual larvae was consistent from one instar to the next, larvae were ranked on the basis of total distance traveled in 5 trials per instar and Spearman's rank correlation (rs) was used. Frequency distributions of distances traveled by individuals within an aggregation tend to exhibit a graded series (or hierarchy), in which relatively few individuals travel far and many individuals travel relatively short distances over a short test period (e.g. Fitzgerald, 1980; Edgerly and Fitzgerald, 1982) . Following the terminology and definitions of Weiner and Solbrig (1984), we believe that the analytical methods used by plant ecologists to evaluate a graded series of sizes of individuals within a population are particularly appropriate for behavioral data such as distance traveled when: 1) the aggregation yields large variation in individual distances, 2) there are relatively few large distances and many small ones, and 3) the few large distances contribute greatly to the observed pattern. Weiner and Solbrig (1984) indicate that standard measurements of skewness are inappropriate because they are designed to be insensitive to the degree of variability and only reflect the second aspect of the three listed above. Specifically in our study, it is inequality among larvae in distance traveled, not asymmetry in the distribution of distances ((2) above), that is of biological interest here.
Therefore, the variation in distance traveled was represented graphically using Lorenz curves and evaluated using the Gini statistic (Weiner and Solbrig, 1984 (Table 3) and therefore we concluded that distance traveled was unrelated to larval size.
Total distance traveled by each larva was compared between instars to determine whether those inequalities in distance traveled within an instar persisted into the next one. In most instances, total distance traveled in one instar was not correlated with distance traveled in the previous instar (Table 4) . When a significant correlation occurred, it was between the third and fourth instars and between the fourth and fifth instars. groups (Fig. 1 ). In the first and second instars, each group had many individuals that either did not move or only traveled short distances and a few individuals that moved relatively long distances (Fig. A , B, C). In contrast, in the third through fifth instars, inequalities still occurred but with a few individuals traveling quite short distances and a few traveling far.
But one group (D) exhibited a different pattern than the others. In 5 trials, none of the first instar larvae moved and thus there was no Gini coefficient, and in contrast to the other groups, only a few second instar larvae remained stationary (Table 5 ; Fig. 1D ). (Weiner and Solbrig, 1984) . Therefore, we analyzed only instars II-V. The Gini coefficients were significantly different among instars II-V (Friedman's test, followed by multiple comparisons (Conover, 1980) ; Friedman X 2 8.400, df-3, P 0.04; Table 5 , Fig. 1 (Laux, 1962; Greenblatt and Witter, 1976; Edgerly and Fitzgerald, 1982) (1982) found a significant behavioral difference among M. americanum larvae in only 3 of 8 colonies, and they found no correlation in activity levels across trials. In contrast to that study, we examined larval behavior more directly by following marked individuals within trials, among trials and across instars, and found that in some cases individual H. lucina were consistently traveling relatively long distances across trials and instars. But no pattern emerged that would allow us to predict which individuals might lead or in which instar that might occur.
For example, Group C had two instars in which rankings among trials were stable (i.e. some individuals were consistently traveling faster than others), showed a significant positive correlation In H. lucina, transient polyethism occurred at several levels: 1) Over the course of a trial, larval ranks did not change; thus, leaders during a single foraging bout (represented here by a single trial) remained at the forefront. 2) In some cases, ranks of individual larvae were constant from one trial to the next within an instar. The instar in which this was most prevalent was the third (for 3 or 4 groups). However, in other cases, there was no consistency in larval ranking from trial to trial. Thus, in some groups the same individuals led a series of foraging bouts, whereas in others, the leaders varied from bout to bout. In some instances, a significant positive correlation occurred between larval weight and distance traveled, but in other cases, there was no correlation. Thus, within a foraging group, the largest larvae were sometimes the leaders, sometimes randomly distributed within the traveling group, but were never consistently the slowest (i.e. none of the negative correlation coeffi- Table 3 were significant). 3) In a quarter of the tests, ranks of individual larvae from one instar to the next remained consistent.
This was primarily between the third and fourth instars (for 3 of 4 comparisons).
The Lorenz curves and Gini coefficients showed that the patterns of distance traveled by individuals changed over instars. In many cases, especially in the early instars, a few individuals moved great distances whereas others hardly moved. By the later instars, variation was still large but the inequalities (or skewness) among individuals were much less. (Cornell, et al., 1987) . H. lucina larvae also have a repertoire of defensive and escape behaviors that changes from one instar to the next. The most dramatic changes occurs between the third and fourth instars, from primarily defensive behaviors to largely escape behaviors (Cornell, et al., 1987) . The marked inequalities in distance traveled among early instar larvae compared to the more normal distribution of distances traveled of later instars may reflect those changes in behavior, in particular the declining tendency to aggregate. Thus, a pattern of a few leaders and many slower individuals is less likely when larvae are older and less compelled to stay with the group.
Another factor contributing to the pattern of some larvae traveling long distances with others hardly moving may be digestive periods. H. lucina larvae alternate feeding with periods of inactivity, as is true for many caterpillars (Edwards, 1964; Ma, 1972; Fitzgerald, 1980; Capinera, 1980; Fitzgerald and Costa, 1986; Reynolds, et al., 1986) . Hungry and, therefore, temporarily active larvae tend to stir up the group, by tactile stimulation of group members. As a result, quiescent individuals eventually follow the other, more active group members, as long as the tendency to aggregate is strong (which it is through the third molt, Cornell, et al., 1987) . That (Jones, 1977; Cain et al., 1985) . But the idea that consistency in leadership reflects a skewed distribution in hunger-levels remains untested here because we did not attempt to assess state of hunger. However, in our study all groups were deprived of food for 24 h before testing. Thus, individuals should have been approaching equal hunger levels, but even with 24-h starvation, the amount of food in the gut of third and fourth instar H. lucina varies considerably (Bowers and Stamp, unpubl, data) .
In 
